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Abstract
The aim of this paper is to explore the complexity factor for those
self-gravitating relativistic spheres whose evolution proceeds non- dy-
namically. We are adopting the definition of CF mentioned in [50],
modifying it to the static spherically symmetric case, within the frame-
work of a modified gravity theory (the Palatini f(R) theory). In this
respect, we have considered radial dependent anisotropic matter con-
tent coupled with spherical geometry and determined the complexity
factor involved in the patterns of radial evolution. We shall explore the
field and a well-known Tolman-Oppenheimer-Volkoff equations. Af-
ter introducing structure scalars from the orthogonal decomposition
of the Riemann tensor, we shall calculate complexity factor. An exact
analytical model is presented by considering firstly ansatz provided by
Gokhroo and Mehra. The role of matter variables and f(R) terms are
analyzed in the structure formation as well as their evolution through
a complexity factor.
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1 Introduction
One of the most important gravitational theories, presented by Albert Ein-
stein about more than a century ago is general relativity (GR). This theory
has rejected Newton’s idea of gravitational force and described the defor-
mation of space-time geometry through the mass-energy distribution. The
recent plethora of observations, like, type Ia supernovae, large scale structure
and cosmic microwave background radiation [1–3], states that our cosmos is
characterized by an accelerated expansion. Furthermore, various recent cos-
mic observations at astronomical scales [4,5] confirmed the unknown nature
of the most matter part of the universe.
After the observational works presented by LIGO/Virgo collaboration
for understanding neutron star mergers [6], binary compact systems [7, 8],
and the initiative probes of EUCLID [9], the cosmic models provided by
modified theories of gravity (MTG) will be put to experimental verification
in extragalactic and cosmological backgrounds. Many cosmological models
of MGT have been ruled out by current observational outcomes from the
mergers of neutron stars. Not only this, the severe restriction has also been
imposed by such experiments on the viability of some MTG [10, 11]. There
has been a number of achievements of GR, however, the search for detection
of dark matter/energy sources in view of the concordance model, space-time
singularities [12], etc may require some MTG. Keeping in mind the presence
of unobserved (up to this time) dark matter (DM) and dark energy (DE),
a new route of research was suggested based on the generalizations of GR.
This famous idea has received standard terminology called MTG.
Qadir et al. [13] also suggested that GR may need to extend in order to
study the various aspects of gravitation with quantum cosmology. There has
been very interesting cosmological models related to MTG for the descrip-
tion of stellar collapse and their evolution [14–18]. Nojiri and Odintsov [19]
described not only the significance of MGT but also elaborated the appli-
cations of such theories in the discussion of comic evolution. The straight-
forward MTG from GR is f(R) (R is the Ricci scalar) [15, 20] and f(T ) (T
is the torsion scalar) [21]. After which, such theories are generalized by in-
cluding amalgams of curvature terms in a more complex ways, for instance,
f(R,R, T ) ( is the de Alembert’s operator and T is the trace of energy
momentum tensor) [22, 23], f(G) (G is the Gauss-Bonnet term) [24] and
f(G, T ) [25–28] etc. (details of MTG can be seen in, [29–33]). The consid-
erable amount of research about the introduction as well the application of
2
Palatini f(R) scheme is available in literature [34–37].
Gravitational collapse is one of the interesting phenomena of the stellar
systems in which the matter of the massive structure moves towards its center
as a consequence of a force produced by its own gravitational pull. Stars,
star clusters and galaxies could be the final fates of this process from the
interstellar gas. The inhomogeneous state of energy density is believed to be
the progenitors of the stellar collapse. Thus, the importance of the study of
inhomogeneous energy density in the study of collapse is justified. Penrose
[38] was curious to understand radiating self-gravitating systems from the
clumped matter distribution. He expressed the heterogeneous energy density
through Weyl curvature tensor and described gravitation in terms of entropy.
Eardley and Smarr [39] calculated exact solution of a non-static spherical
dust cloud in order to explore the importance of the irregular distribution of
energy density and claimed that such a relativistic collapse is likely to end up
with a new type of naked singularity. Herrera et al. [40] used an analytical
approach to evaluate the expression of active gravitational mass supporting
the existence of heterogeneous energy density for the relativistic radiating
spheres. Herrera et al. [41] orthogonal splitting of Riemann tensor and found
few scalars associated supporting the existence of heterogeneous energy den-
sity for the relativistic radiating spheres. Bamba et al. [42] calculated the
rate of spherical collapse in MTG and discussed some various characteristics
of curvature singularity during its collapse. Yousaf et al. studied the role of
tilted congruences [43,44] as well as MTG on the existence of regular energy
density [45,46], and pace of gravitational collapse [47–49]. They inferred that
extra curvature terms due to MTG tend to slow the collapse process.
In the continuation of the study of energy density irregularities, Herrera
[50] introduced a new concept for the study of homogeneous distribution of
static systems with the help of a factor. He called this factor as a complexity
factor (CF) and expressed it through the structure scalars. Abbas and Nazar
[51] applied the same procedure in order to present the definition CF for the
anisotropic system in a particular MTG gravity. Then, Herrera et al. [52]
generalized their concept for dynamical self-gravitating systems. Recently,
Sharif and Majid [53] and Yousaf et al. [54, 55] modified their results in the
Brans-Dicke theory and f(R, T,RµνT
µν) gravity, respectively and analyzed
the role of modified terms in the formulation of CF.
We are adopting the definition of CF mentioned in [50], generalizing it
to the static spherically symmetric case, within the context of a modified
gravity theory (the Palatini f(R) theory). This work is devoted to under-
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standing the role of Palatini f(R) terms in the theoretical modeling of static
self-gravitating systems. In this regard, we shall present CF and then this
function in terms of structure scalars. The paper is outlined below. In the
coming section, we shall compute Palatini f(R) equations of motion and hy-
drostatic equation. After calculating the Misner-Sharp mass function in the
same section, we shall express the Tolman mass through usual and effective
matter variables. Section 3 is devoted to the orthogonal splitting of the cur-
vature tensor. The scalars obtained from this calculation will then be used
to define CF. Finally, we present concluding remarks.
2 Palatini f(R) Gravity and its Related Vari-
ables
The action function for the evaluation of field equation in f(R) gravity is
Sf(R) =
1
2κ
∫
d4x
√−gf(Rˆ) + SM , (1)
in which SM describes matter action, while κ is a coupling constant. It
is the worthy to stress that in the above action the scalar function Rˆ is
assembled from the contraction of the corresponding metric tensor with that
of Ricci tensor associated with the connection symbol (Rˆ := gγδRγδ), thereby
indicating Rˆ through geometrical connections. The details on this account
can be found from [56]. By preserving the relation Γµγδ 6= Γµδγ , the variations
of Eq.(1) with gγδ and Γ
µ
γδ, respectively give
fR(Rˆ)Rˆγδ − [gγδf(Rˆ)]/2 = κTγδ, (2)
∇ˆµ(gγδ
√−gfR(Rˆ)) = 0, (3)
where Tγδ stands for energy-momentum tensor that here does not depend on
geometric connections. Its value can be found as
Tγδ = −2(−g)−1/2 δSM
δgγδ
. (4)
The aim of the paper is to calculate CF involved in the emergence of irreg-
ularities over the anisotropic matter distribution in Palatini f(R) gravity.
Therefore, we assume energy momentum in mixed form (T µν ) as
T µ(m)ν = ρu
µuν +Π
µ
ν − Phµν , (5)
4
where uγ is the fluid’s four velocity and h
µ
ν is the projection tensor. Further,
P is expressed as the combination of radial Pr and tangential P⊥ pressure
components as P = 1
3
(Pr+2P⊥), while the Π
µ
ν is the anisotropic tensor which
can be written through anisotropic scalar Π = −(P⊥ − Pr) and four vector
χµ as Πµν = Π(χ
µχν +
1
3
hµν ).
The application of df/dRˆ has been described through the subscript R
on the associated mathematical quantities. The dependence of the Ricci
invariant on T with T := gγδTγδ can be obtained from Eq.(2) as
RˆfR(Rˆ)− 2f(Rˆ) = κT. (6)
In the background of vacuum space, R will have a constant value that can be
described through f(Rˆ). This makes us to define another form of metric ten-
sor hγδ as hγδ := fRgγδ. This scenario describes the gravitational interaction
in the Λ dominated epoch. In this way, the cosmic features of vacuum space
from f(R) theory of gravity can be viewed. Thus, the geometric connection
associated with hγδ becomes connection of Levi-Civita given by
Γνγδ =
1
2
hνα(∂γhαδ + ∂δhαγ − ∂αhγδ). (7)
There is a conformal relation between tensors hγδ and gγδ. In order to proceed
our analysis with the second order metric equations, we compute connection
from Eq.(2), which after using in Eq.(3) provides
1
fR
(
∇ˆγ∇ˆδ − gγδˆ
)
fR +
1
2
gγδRˆ +
κ
fR
Tγδ +
1
2
gγδ
(
f
fR
− Rˆ
)
+
3
2f 2R
[
1
2
gγδ(∇ˆfR)2 − ∇ˆγfR∇ˆδfR
]
− Rˆγδ = 0, (8)
while ∇ˆγ indicates covariant derivation with respect to gγδ, ˆ is the d’Alembertian
and fP=
df(P)
dP
. Equation (8) is a single set of field equation that can be in-
terpreted through Einstein tensor (Gγδ) as
Gˆγδ =
κ
fR
(Tγδ + Tγδ), (9)
where
Tγδ = 1
κ
(
∇ˆγ∇ˆδ − gγδˆ
)
fR − fR
2κ
gγδ
(
Rˆ− f
fR
)
5
+
3
2κfR
[
1
2
gγδ(∇ˆfR)2 − ∇ˆγfR∇ˆδfR
]
.
The system under consideration consists of a static spherically symmetric
spacetime whose line element can be given as follows
ds2 = eυdt2 − eωdr2 − r2(dθ2 + sin2 θdφ2), (10)
where υ and ω are functions of radial coordinate only. The derivation with
respect to r will be described through prime in this paper. Under comoving
reference system, we define four vectors through metric coefficients as
χµ =
(
0, e
−ω
2 , 0, 0
)
, (11)
obeying
χγχγ = −1, χγuγ = 0. (12)
The non-zero f(R) equations of motion (9) for the metric (10) are
1
fR
[
8πµ+
(
f − RfR
2
)
− 3f
′2
R
4fReω
− υ
′f ′R
2eω
− f
′2
R
eω
+
fR
′′
eω
]
=
1
r2
+ e−ω
(
ω′
r
− 1
r2
)
, (13)
1
fR
[
8πPr +
(
f − RfR
2
)
+
5f
′2
R
4fReω
+
fR
′ω′
2eω
]
=
1
r2
+ e−ω
(
υ
′
r
+
1
r2
)
, (14)
1
fR
[
32πP⊥ + 4
(
f − RfR
2
)
− 3fR
′
4fReω
− f
′
R
reω
− f
′
R
eω
+
fR
′′
eω
]
= −e−ω
{
ω
′
υ
′ − 2υ′′ + 2ω
′
r
− υ′2 − 2υ
′
r
}
. (15)
Here we take κ = 8π.
3 Hydrostatic Equation and Mass Functions
In this section, we shall compute mass functions described by Misner-Sharp
[57] and Tolman [58]. Later on, we express these functions in terms of matter
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and dark source variables of the spherically symmetric spacetime. One can
calculate the conservation laws from Bianchi identities with respect to usual
and effective stress-energy tensors as
P ′r =
2
r
(P⊥−Pr)− β
′
2
(ρ+Pr−T 1(P)1 +T 0(P)0 )+
2
r
(T
1(P)
1 −T 2(P)2 )+D0, (16)
where
D0 =
(
− f
′
R
2fR
− ω
′
2
)(
T
1(P)
1 − T 0(P)0
)
+
(
2
r
+
f ′R
fR
)(
T
1(P)
1 − T 2(P)2
)
+ (T
1(P)
1 ),1.
(17)
The total quantity of relativistic matter content for the spherical geometry
can be calculated through the formalism provided by Misner-Sharp as [57]
m(r) =
r
2
(1− e−ω), (18)
which can be reexpressed after making use of Eq.(13) as
m(r) = 4π
∫ r
0
r2
fR
(ρ+ T
0(P)
0 )dr. (19)
Using Eqs.(13)-(15) and Eq.(18), it follows that
m =
4π
3fR
r3(ρ− Pr − T 1(P)1 + P⊥ + T 0(P)0 + T 2(P)2 )
− r
3
3
[
1
4
e−ω
(
υ
′′
+
υ
′2
2
+
ω
′
r
+
2
r2
− ω
′
υ
′
2
− υ
′
r
− 2e
ω
r2
)]
. (20)
The well-known Weyl curvature tensor can be written through its electric
part (Eσχ) and Levi-Civita tensor (ηµνγσ) as
Cµνξλ = (gµνγσgξλτχ − ηµνγσηξλτχ)uγuτEσχ, γ, σ, τ, (21)
where gµνγσ := gµγgνσ − gµσgνγ. One can write Eσχ in another way as
Eµν = Cµξνλu
ξuλ, (22)
whose value with the help of Weyl scalar turns out to be
Eσχ = E
(
1
3
hσχ + χσχχ
)
. (23)
7
Its value through structural variables is found as follows
E = −1
4
e−ω
[
υ
′′
+
υ
′2
2
+
ω
′
r
+
2
r2
− ω
′
υ
′
2
− υ
′
r
− 2e
ω
r2
]
. (24)
The expression mentioning in Eq.(18) can be manipulated through this scalar
as
m =
4π
3fR
r3(ρ− Pr − T 1(P)1 + P⊥ + T 0(P)0 + T 2(P)2 ) +
1
3
r3E , (25)
from which E becomes
E = 4π
fR
(Pr − T 2(P)2 − P⊥ + T 1(P)1 )−
4π
r3
∫ r
0
r3
(
ρ
fR
)′
dr − 4π
r3
∫ r
0
r3
(
T
0(P)
0
fR
)′
dr.
(26)
This expression has been expressed through matter variables and Palatini
f(R) corrections. Such a relation could be helpful to analyze the heteroge-
nous state of energy density. This equation could provide information about
the existence of regular energy density during the subsequent evolution of the
spherical static cloud. Equation (25) along with the above equation gives
m =
4πr3
3f˜R
(ρ+ T
0(P)
0 )−
4π
3f˜R
∫ r
0
r3(ρ+ T
0(P)
0 )
′
dr, (27)
where tilde states that the quantity is being evaluated at the present Ricci
scalar condition. This relation has directly related mass function, effective
form of regular spherical energy density and the role of heterogeneous energy
density on the stability of relativistic spherical interiors.
The value of one of the metric coefficients found in Eq.(10) can be calcu-
lated from the field equation and Eq.(18) as
β ′ = 2
mfR + 4πr
3(Pr + T
1(P)
1 )
r(r − 2m) . (28)
We now use Eq.(28) in Eq.(16) to obtain Tolman-Opphenheimer-Volkoff
(TOV) equation in the presence of Palatini f(R) corrections as
P ′r = T
1(P)
1,1 −
mfR + 4πr
3(Pr + T
1(P)
1 )
r(r − 2m) (ρ+ Pr + T
0(P)
0 − T 1(P)1 )
8
+
2
r
(P⊥ − Pr + T 1(P)1 − T 2(P)2 ). (29)
We now suppose that our system is comprised of boundary surface at
r = rΩ, denoted by Ω, which has demarcated our manifolds into two parts, the
exterior and the interior one. The exterior region can be described through
the following spacetime
ds2 =
(
1− 2M
r
)
dt2 − dr
2
(1− 2M
r
)
− r2(dθ2 + sin2θdφ2), (30)
while the interior to Ω is described by Eq.(10). In Eq.(30), M describes the
mass of the gravitating source. The fundamental forms of Darmois junction
conditions [59] at r = rΩ provides the smooth matching of (10) and (30)
manifolds. These give
eυΩ = 1− 2M
rΩ
, eωΩ = (1− 2M
rΩ
)−1, [Pr]Ω = 0.
Herrera and Santos [60] described the formula provided by Tolman [58] in
order to analyze the amount of matter content within the spherical geometric
distribution. Further, Herrera et al. [40] expressed this relation in terms of
structural properties of self-gravitating system. They also checked its role
in the maintenance of homogeneous energy density over the boundary. One
can write Tolman formula with Palatini f(R) terms as
mT = 4π
∫ rΩ
0
r2
fR
e
υ+ω
2 (ρ+ Pr + 2P⊥ + T
0(P)
0 + T
1(P)
1 + 2T
2(P)
2 )dr. (31)
For the bounded system, it follows from the above equation that
mT = 4π
∫ r
0
r2
fR
e
υ+ω
2 (ρ+ Pr + 2P⊥ + T
0(P)
0 + T
1(P)
1 + 2T
2(P)
2 ). (32)
It could be regarded as the corresponding active gravitational mass. By
making use of Eqs.(13)-(15) in Eq.(32), we have
mT =
r2
2f˜R
e
υ−ω
2 υ
′ − 4π
f˜R
∫ r
0
e
υ+ω
2 r2(2T
2(P)
2 + T
1(G)
1 − T 0(P)0 )dr. (33)
Using Eq.(28) in Eq.(33), we get
mT =
(
4πr3(Pr + T
1(P)
1 ) +mf˜R
)
e
υ+ω
2
f˜R
9
− 4π
f˜R
∫ r
0
e
υ+ω
2 r2(2T
2(P)
2 + T
1(P)
1 − T 0(P)0 )dr. (34)
Then the corresponding mT for the anisotropic system turns out to be
mT =
(
r
rΩ
)3
[mT ]Ω + r
3
∫ rΩ
r
e
υ+ω
2
r
[
4π
f˜R
(P⊥ − Pr)− E
]
dr
+
4π
f˜R
r3
∫ rΩ
r
e
υ+ω
2 (T
0(P)
0 + 4T
1(P)
1 + 2T
2(P)
2 )dr
− r34π
f˜R
∫ r
0
e
υ+ω
2 r2(T
0(P)
0 − T 1(P)1 − 2T 2(P)2 )dr. (35)
This equation states that the value of Tolman mass depends mainly on the
participation of fluid energy density, f(R) dark source terms and pressure
anisotropy of the spherical relativistic geometric distribution.
4 Structure Scalars
The definition for Riemann tensor can be written as follows
Rµξνλ = C
µ
ξνλ +
1
2
Rµνgξλ −
1
2
Rξνδ
µ
λ +
1
2
Rξλδ
µ
ν −
1
2
Rµλgξν −
1
6
R
(
δµν gξλ − δµλgξν
)
,
(36)
where R, Cµξνλ and Rµν stand for the Ricci scalar, the Weyl tensor and the
Ricci tensor. One can manipulate Eq.(36) as
Rµγνδ = C
µγ
νδ + 2T
(tot)[µ
[ν δ
γ]
δ] + T
(tot)
(
1
3
δµ[νδ
γ
δ] − δ[µ[ν δγ]δ]
)
. (37)
Herrera et al. [61] calculated some scalar variables from the Riemann tensor
splitting. This technique has been proved to be very helpful in understanding
the basic ingredients of matter content of the self-gravitating system. For this
purpose, we took few tensorial quantities as follows [61]
Yµν = Rµξνλu
ξuλ, (38)
Xµν =
∗R∗µξνλu
ξuλ =
1
2
ηαβµνR
∗
αβξλu
ξuλ, (39)
where R∗µνξλ =
1
2
ηαβξλR
αβ
µν . Equation (37) can be written alternatively as
follows
Rµξνλ = R
µξ
(I)νλ +R
µξ
(II)νλ +R
µξ
(III)νλ +R
µξ
(IV )νλ +R
µξ
(V )νλ,
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where
Rµξ(I)νλ =
16π
f˜R
ρu[µu[νδ
ξ]
λ] +
8π
f˜R
(ρ− 3P )
(
1
3
δµ[νδ
ξ
λ] − δ[µ[ν δξ]λ]
)
− 16πPh[µ[νδξ]λ], (40)
Rµξ(II)νλ =
16π
f˜R
Π
[µ
[νδ
ξ]
λ], (41)
Rµξ(III)νλ = 4u
[µu[νE
ξ]
λ] − ǫµξα ǫνλβEαβ , (42)
Rµξ(IV )νλ = 4
[
Rγηδ
[µ
[ν δ
ξ]
λ] + gγηδ
[µ
[ν δ
ξ]
λ] −R[µγη[νδξ]λ] −Rγ[νδ[µη δξ]λ] − R[µη gγ[νδξ]λ]
− 1
2
R
(
δ
[µ
[ν gγηδ
ξ]
λ] + δ
[µ
η gγ[νδ
ξ]
λ]
)]
∇γ∇ηfR + (f −RfR)δ[µ[ν δξ]λ], (43)
Rµξ(V )νλ = 4[(Rγη −
1
2
Rgγη)∇γ∇ηfR + (f −RfR)](1
3
δµ[νδ
ξ
λ] − δ[µ[ν δξ]λ]),(44)
and ǫνλβ = u
µηµνλβ with ǫνλβu
β = 0. By making use of Eqs.(40)-(44) in
Eqs.(38) and (39), we get
X(tot)µν = X
(m)
µν +X
(P)
µν , (45)
Y (tot)µν = Y
(m)
µν + Y
(P)
µν , (46)
where the terms with superscripts m and P indicates that the correspond-
ing terms are related to usual matter and Palatini f(R) terms, respectively.
These may be written as
X(tot)µν =
8π
3f˜R
ρhµν +
4π
f˜R
Πµν −Eµν +X(P)µν , (47)
Y (tot)µν =
4π
3f˜R
(ρ+ 3P )hµν +
4π
f˜R
Πµν + Eµν , (48)
where Y
(tot)
µν = Y
(m)
µν [50]. One can write both trace and trace-less components
from the above equations as
Xµν = XTF
(
1
3
hµν + sµsν
)
+
1
3
XThµν , (49)
Yµν = YTF
(
1
3
hµν + sµsν
)
+
1
3
YThµν , (50)
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from where YT and YTF after using the Palatini f(R) field equations can be
found as follows
YT =
4π
f˜R
(ρ− 2Π + 3Pr), (51)
YTF =
4π
f˜R
Π+ E . (52)
Equations (26) and (52) yield
YTF =
8π
f˜R
Π+
4π
f˜R
(T
1(P)
1 −T 2(P)2 )−
4π
r3
∫ r
0
r3
(
ρ
fR
)′
dr−4π
r3
∫ r
0
r3
(
T
0(P)
0
fR
)′
dr.
(53)
These scalar quantities were defined and discussed in detail for the first time
by Herrera et al. [61]. The expression of mT can be written after using
Eqs.(52) and (35) as
mT =
(
r
rΩ
)3
[mT ]Ω + r
3
∫ rΩ
r
e
υ+ω
2
r
YTFdr
+
4π
f˜R
r3
∫ rΩ
r
e
υ+ω
2 (T
0(P)
0 + 4T
1(P)
1 + 2T
2(P)
2 )dr
− r34π
f˜R
∫ r
0
e
υ+ω
2 r2(T
0(P)
0 − T 1(P)1 − 2T 2(P)2 )dr. (54)
The comparison of Eq.(35) and Eq.(54) provides
∫ rΩ
r
e
β+α
2
r
YTFdr =
∫ rΩ
r
e
β+α
2
r
[
4π
f˜R
(Pr − P⊥) + E ]dr, (55)
which implies that YTF is correlated with the fluid distribution’s influence of
irregular energy density, f(R) corrections, and anisotropic pressure.
5 The Complexity Factor
Due to some physical quantities, i.e., inhomogeneity of mass distribution
of spherical structure, heat radiations and fluid’s viscosity, etc, a CF of a
corresponding system can be generated. The simplest system with null CF
can be considered normally as a system coupled with an isotropic pressure
12
and regular energy density. The origins of CF here could be anisotropic
pressure, MTG terms of Palatini f(R) gravity along with irregular density
in the relativistic matter content. One of the scalars, YTF appearing in
Eq.(53) can be called as CF in our case as it appears in the expression of
Tolman mass. Our system of partial differential equations includes unknown
structural variables. In order to treat such scenario, we restrict our system
to enter in the less-complex state. This could be possible by using YTF = 0
in the analysis. Under this background, we have
Π =
f˜R
2r3
∫ r
0
r3
(
ρ
fR
)′
dr+
f˜R
2r3
∫ r
0
r3
(
T
0(P)
0
fR
)′
dr+
1
2
(T
1(P)
1 − T 2(P)2 ). (56)
In this way, we have evaluated the value of Π. Equation (56) describes the
modeling of anisotropic spherical system evolving with zero CF with the
extra degrees of freedom mediated by Palatini f(R) terms. To find rest of
unknown, it could be helpful to consider viable analytical models from the
literature. We shall take a model known widely as Gokhroo-Mehra ansatz
(GMA).
Abedi et al. [62] explored the energy-momentum complex for the flat
Friedmann-Robertson-Walker manifold within an environment of GR and
one of the modified gravity models. It is worthy to stress that our calculated
CF could be related to the energy-momentum complex because it depends on
the stress-energy momentum tensor. This suggests that our approach could
be related to the definition of gravitational stress-energy pseudo-tensor [63].
The Gokhroo-Mehra Ansatz
The interior solutions for the spherically symmetric anisotropic fluid con-
figurations having irregular distribution of energy density were studied by
Gokhroo and Mehra [64]. They assumed the following choice of energy den-
sity as
ρ = ρ0
(
1− Kr
2
r2Ω
)
, (57)
in which they used ρ0 as a constant quantity, along with K ∈ (0, 1). By
making use of such selection of energy density, Eq.(19) may be written alter-
natively as
m(r) =
4π
f˜R
∫ r
0
r2T
0(P)
0 drˆ +
4πr3
3f˜R
ρ0
(
1− 3Kr
2
5r2Ω
)
, (58)
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which upon using Eq.(18) provides
e−υ = 1 +
3Kξ0r
4
5r2Ωf˜R
− ξ0r
2
f˜R
− 8π
rf˜R
∫ r
0
r2T
0(P)
0 dr, (59)
where ξ0 = 8πρ0/3. From Eqs.(14) and (15), we have
8π
fR
(Pr−P⊥+T 1(P)1 −T 2(P)2 ) = e−υ
[
ω
′
2r
+
1
r2
+
υ
′
ω
′
4
+
υ
′
2r
−ω
′′
2
−ω
′2
4
]
− 1
r2
. (60)
It could be fine to use couple of effective form of new variables as follows
eω(r) =
1
e
∫
( 2
r
−2z(r))dr
, eυ =
1
y(r)
. (61)
After using above variables, Eq.(60) turns out to be
y
′
+
[
2z +
2z
′
z
+
4
r2z
− 6
r
]
y = −
[
1
r2
+
8π
fR
(Π + T
1(P)
1 − T 2(P)2 )
]
2
z
. (62)
The spacetime with its metric coefficients through z and Π can be written
as [65]
ds2 = e
∫
(2z(r)− 2
r
)drdt2 − r2dθ2 − r2 sin2 θdφ2
+
z2(r)e
∫
(2z(r)− 4
r2z(r)
)dr
2r6
∫ e∫ (2z(r)− 4r2z(r) )drz(r)( 1
r2
+8pif−1
R
(Π+T
1(P)
1 −T
2(P)
2 ))
r6
dr + C
dr2, (63)
where C is an integration constant. In this framework, the values of structural
variables are
4π
fR
(ρ+ T
0(P)
0 ) =
m
′
r
, (64)
4π
fR
(Pr + T
1(P)
1 ) =
m
r
− z(2m− r)− 1
4πr2
, (65)
8π
fR
(P⊥ + T
2(P)
2 ) = z
(
m
r2
− m
′
r
)
+
(
z2 + z
′
+
1
r2
− z
r
)(
1− 2m
r
)
.(66)
These equations have formulated the matter variables in terms of m, z and
f(R) dark source terms. After selecting some suitable initial condition, one
can solve (analytically or numerically) them for different choices of z and m.
Then the resultant variables will be expressed in terms of Palatini f(R) dark
source terms. Such equations objectively analyze the existence of celestial
bodies for YTF = 0.
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6 Concluding Remarks
In this paper, we study the dynamics of a non-rotating spherically symmetric
spacetime which is coupled with a locally anisotropic fluid distribution in
a non-linear f(R) theory of gravity. Such a mathematical model can be
called intuitively as complex one, thereby indicating a need to explore the
corresponding complexity factor. The purpose of this work is to explore this
factor in the context of f(R) gravity.
• It is well-known that the static relativistic pressure isotropic spheres
with a regular energy density distribution could be regarded as the
less complex systems. Therefore, it would be justified to consider null
contribution of CF for those systems. It has been analyzed in GR that
one of the structure scalars YTF is the CF. The same result is found for
Palatini f(R) gravity with the difference that the dark source terms
of Palatini f(R) terms appearing in the definition of YTF are slowing
down such transition due to their non-attractive nature.
• Another very important result stems form the expression of YTF is that
it contains spherical structural effects coming from the irregular energy
density, Palatini f(R) terms and effective form of local anisotropic pres-
sure fabricated in a particular way. This factor has been found to be
zero for those systems who evolves with a homogeneous perfect fluid
in GR. But in our case the extra curvature Palatini f(R) terms are
providing resistance to the system in leaving their homogeneous state.
We expect to see such analysis in the presence of electromagnetic field.
• The structure variable YTF is specifying the role of irregular energy
density, Palatini f(R) terms and local anisotropic terms in a particular
order.
• The same modified scalar variable has been found to be involved in
estimating the digression of the Tolman mass mT for regular spheres,
mediated by irregularity in the energy density of the anisotropic matter
configurations.
• All of our results reduce to GR [50] under the condition f(R) = R.
We have assumed a Palatini f(R) gravity, one can induce further degrees
of freedom in the analysis of relativistic ideal and non-ideal configurations.
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Capozziello et al. [66] associated Gauss-Bonnet curvature terms with the
stress energy tensor of an ideal matter content. They have also studied the
geometric interpretation of the dark components of the cosmological Hubble
flow. As an extension in the gravitational component of GR action, the
further degrees of freedom in this part can be modeled theoretically as ideal
matter configurations sourcing the corresponding equations of motion [67].
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Appendix
T
0(P)
0 =
1
2
fPe
β +
eβ−2α
r2
[
(3β
′
α′ − β ′2 − 2β ′′ + eα(β ′2 + 2β ′′ − β ′α′))fP
+ 2(eα − 3)α′P ′fPP + 4P ′′(1− eα)fPP + 4P ′2(1− eα)fPPP
]
,
T
1(P)
1 = −
1
2
fPe
α +
1
r2
[(
β
′
α
′
(1− 3
eα
) + 2β
′′
(
1
eα
− 1) + β ′2( 1
eα
− 1)
)
fP
+
(
2β
′P ′(1− 3
eα
)
)
fPP
]
,
T
2(P)
2 = −
1
2
r2fP +
(
β
′2
e2α
− β
′2
eα
− 2β
′′
eα
+ 2
β
′′
e2α
+
β
′
α
′
eα
− 3β
′
α
′
e2α
)
fP
−
(
(rβ
′2
+ 2rβ
′′ − 3rβ ′α′)P ′ + 2rβ ′P ′′
)
fPP
e2α
− 2rβ
′P ′2
e2α
fPPP .
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